Using modeling and simulation users can apply realistic interactions with their synthetic environments representing real world. In this study the synthetic environment is a hardware railroad model representing a miniature replica of a full-size railroad system under study. The hardware model is tested by means of real-time adaptive software simulator consisting of two subsystems: the virtual railroad which mimics behavior of the hardware railroad model, and the controller which is used to synchronize and control the hardware and the virtual railroads. The controller has a built-in feature to forecast possible railroad hazard conditions and to avoid them by sending corrective commands to both railroads. Testing the model can be observed on the simulator screen and on the hardware railroad model. The simulator also features test-event history log allowing playing back the tests.
INTRODUCTION
Full behavior and safety properties of large-scale transportation systems, such as railroads, are hard to understand because they contain a large number of possible trajectories where trains can move in different directions and different speeds. The task of understanding railroad traffic behavior is a haphazard and error-prone. Effective safety assurance relies on hazard identification which in turn helps to avoid railroad traffic hazards and accidents. Such a problem clearly exceeds manual capabilities and must be addressed through automation.
The literature on transportation systems shows various approaches dealing with railroad issues. A review of various railroad simulation tools, challenges, and benefits is discussed in [1] . Methodology for rapid prototyping of simulation models for large scale transportation systems is discussed in [2] . Methods for fault detection of railway vehicles and tracks using multi-resolution analysis are described in [3] . A deadlock-free algorithm for dispatching trains in complex rail networks has been devised in [4] . Experiments on railroad crossing problem were addressed in [5] . These techniques are, however, limited in the sense that they mainly center attention to specific railroad traffic conditions.
The focus of this research is to assure safety train movements in a generic railroad system using hazard identification and collision prevention techniques. For that purpose a hardware railroad model and a software simulator were designed and implemented. The model is used to represent a miniature replica of a full-size railroad system under study, whereas the simulator is used to test the model. Since the model and the simulator have components that perform identical functions, components from the model are also referred to as physical, e.g., physical railroad; whereas their matching counterparts in the simulator are also referred to as virtual, e.g., virtual railroad.
Soklic: Model-Based Testing Using Real-Time Adaptive Simulator
In this research the model-simulator approach was used for two reasons:
• Virtualization of the mechanical railroad components, e.g., virtual trains and trackswitches, have no notion of weight and time, as a consequence, virtual trains cannot derail on sharp turns, and their acceleration and decelerations are instantaneous.
• Operations of real-world trains tend to exhibit a high degree of natural variability.
The effect of weightlessness, timelessness, and unexpected train behavior is eliminated by means of feedback data from the model. As a result, the virtual railroad adapts its status to the status of the physical railroad (model) such that both railroads exhibit the same traffic conditions.
Based on the experience with the developed model-simulator architecture, the following advantages can be identified:
• The model-simulator replaces an actual size system under study.
• The simulator software architecture exhibits qualities of modifiability which allows reuse and modification of the simulator software modules.
• Hazard traffic safety conditions can be evaluated under various traffic scenarios.
• During the testing, traffic conditions can be monitored on the railroad model and on the simulator screen, and off-line using simulator log file.
Test results showed that, based on traffic scenarios used, the simulator did detect all traffic hazards on the railroad model and avoided all train accidents.
Future work on this research is targeted towards higher modularization of the simulator so that it will, among others, assist in communication and education during contract negotiations.
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